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The risk of infections and the appearance of symptoms (e.g., odors) represent the main troubles resulting from malignant
wounds. The aim of this study was to characterize the balance of bacterial floras and the relationships between biofilms and bac-
teria and the emergence of symptoms. Experimental research was carried out for 42 days on malignant wounds associated with
breast cancer. Investigations of bacterial floras (aerobes, aero-anaerobes, and anaerobes), detection of the presence of biofilms
by microscopic epifluorescence, and clinical assessment were performed. We characterized biofilms in 32 malignant wounds
associated with breast cancer and bacterial floras in 25 such wounds. A mixed group of floras, composed of 54 different bacterial
types, was identified, with an average number per patient of 3.6 aerobic species and 1.7 anaerobic species; the presence of strict
anaerobic bacterial strains was evidenced in 70% of the wounds; biofilm was observed in 35% of the cases. Odor was a reliable
indicator of colonization by anaerobes, even when this symptom was not directly linked to any of the identified anaerobic bacte-
ria. Bacteria are more likely to be present during myelosuppression and significantly increase the emergence of odors and pain
when present at amounts of >105 · g�1. The presence of biofilms was not associated with clinical signs or with precise types of
bacteria. No infections occurred during the 42-day evaluation period. This study provides a dynamic description of the bacterial
floras of tumoral wounds. The study results highlight the absolute need for new therapeutic options that are effective for use on
circulating bacteria as well as on bacteria organized in biofilm.

Malignant wounds consist of the infiltration of cutaneous tis-
sue by tumoral cells (1). Such wounds may take on various

appearances. They are often associated with the noncurable phase
of the disease and are likely to cause discomfort to patients, such as
obnoxious odors, exudates, and pain (2, 3).

In France, a national survey showed that malignant wounds
represent 1.6% of all types of wounds for outpatients and 1.7% for
nonambulatory patients (4). In a Swiss study, the prevalence of
malignant wounds among patients with metastatic cancer was
6.6% (5), in the 5 to 10% range previously determined (6, 7).
Malignant breast wounds represent the most frequent kinds of
tumor wounds (8, 9, 10).

Local infections of malignant wounds are difficult to diagnose,
particularly when patients are treated with chemotherapy. Indeed,
whereas chemotherapy can help tumoral wound healing it also
increases the risk of infections and slows the healing process. The
diagnosis of infection is all the more difficult as malignant wounds
are often foul smelling, necrotic, and exudative, and the region is
often inflammatory due to the tumor mass. Unpleasant smells are
one of the most common complaints from patients (11). Mixed
bacterial floras develop on chronic wounds, composed of inter-
acting aerobic and anaerobic bacteria (12) that come from the
skin, the cavities located near the lesion, and the environment.

Biofilms represent a complex but frequent type of organization
of bacteria. In contact with an interface, bacteria organize them-
selves and synthetize an extracellular three-dimensional matrix
which protects them from external aggression such as antibiotics
and antiseptics. Bacteria organized into biofilms must be distin-
guished from circulating bacteria (or planktonic bacteria). Bio-
films can develop on both inert and living surfaces in a three-phase
cycle, adhesion, maturation, and dispersion (13). Biofilms are
clinically invisible, except when particularly thick. Then, they are

described as a coating of viscous liquid, called slime, located on the
surface of a wound with delayed healing. They seem to be associ-
ated with abundant exudates and with a lengthened inflammatory
phase (13, 14). Identifying and characterizing biofilms is not pos-
sible with the usual collection and analysis techniques (15). The
role of biofilms in infectious processes and/or in the evolution of
wounds has been a matter of debate (16, 17). The presence of
biofilms affects up to 60% of chronic wounds, and they may be less
frequent in acute wounds (18). It seems that biofilms will develop
in individuals with weakened immune systems or with poor nu-
tritional status and in the presence of ischemic tissues.

The aims of this study were to characterize the bacterial floras
and the biofilms of malignant wounds associated with breast can-
cer and to study their correlations with smells, infections, and
tumor evolution.

MATERIALS AND METHODS
Inclusion criteria. For this study of malignant wounds associated with
breast cancer, the inclusion criteria were wound surface area �10 cm2,
patient age �18 years, patient participation in a follow-up program of at
least 1 month supervised by the medical and nursing staff, and availability
of patient objective information and freely written informed consent.

Exclusion criteria. Patients were excluded if medical follow-up was
not practically possible for geographical, social, or psychological reasons
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and if the patients were deprived of freedom and/or were under guardian-
ship.

Sample size and duration of the study. Given the exploratory nature
of the research, and since little is known about this patient population,
calculating the sample size of the patients’ test group was both impossible
and unnecessary before initiating the study. Considering the frequency of
malignant wounds associated with breast cancer, patient recruitment by
the Institut Curie, and the results of a pilot study carried out from March
2007 to March 2008, a 40-patient cohort was initially agreed upon.

The pilot study showed that the evaluation period had to be short in
order to deter too many patients from dropping out. The duration of the
evaluations was then set at 42 days, with an evaluation every 21 days, in
keeping with the rhythm of most chemotherapy cycles.

Clinical assessment. The information that was collected during the
wound-healing consultation, either as outpatient follow-up or in the hos-
pital, was logged in a data file identified by a study number. This informa-
tion included the type of wound, histology, site, degree of evolution and
age, aspects of the wound and the skin around the lesion, descriptions of
the local and systemic treatments, and evaluations of the local symptoms,
risks, and complications.

The tool used for the clinical evaluation of pain was the simple verbal
scale (SVS), and the other symptoms (odor, bleeding, and exudates) were
graded on 4 levels (none, slight, moderate, and intense).

Colonization was defined as the presence of germs on the wound with
no inflammatory response or sign of infection. Infection was defined as
the multiplication of germs on the wound with the presence of local
and/or general signs of infection.

Microbiological sampling and testing. The detection of aerobic, fac-
ultative anaerobic, and strict anaerobic bacteria was carried out in a quan-
titative way. Microbiological samples were obtained with a single-use
Volkmann microliter curette calibrated on the deepest and/or most ne-
crotic zone and were brought to the laboratory without delay.

On arrival at the laboratory, each calibrated sample was immediately
discharged in brain heart infusion (BHI) broth and diluted 1:10 and 1:100
in BHI. Seeding of 1 �l from each broth was performed on different agar
media, which included 1 chocolate, 2 Columbia ANC (nalidixic acid plus
colimycin), 1 Drigalski, 1 chromID CPS, 1 Chapman, 1 Pseudomonas, 1
chromogenic selective agar for Staphylococcus aureus ID (SAID), 1
Schaedler, 1 Schaedler neomycin plus vancomycin, and 1 Sabouraud gen-
tamicin plus chloramphenicol agar plate.

The agar plates were incubated at 37°C for 1 to 5 days under different
atmospheric conditions, aerobic and/or CO2 and/or anaerobic. Anaero-
bic conditions were obtained with an Oxoid AnaeroGen system. All the
agar plates were analyzed from day 1 to day 5 and all the bacteria were
listed and identified with API identification galleries from bioMérieux
(API E, API 20A, API Candida, API 20 STREP, API 20 STAPH, API
CORYNE, API 20NE) and Oxoid (Rap-ID ANA II).

Biofilm analysis. The presence of biofilm was defined by the observa-
tion with an epifluorescence microscope (enlargement, �1,000) of pat-
terns of bacteria organized in colonies and of the biofilm matrix com-
posed of exopolymers. The samplings for biofilm detection were collected
at the same time and in the same way as those for microbiological tests.
They were immediately fixed in paraformaldehyde (PFA) 3% and con-
served in a moist chamber before being processed. Processing included
labeling of the extracellular matrix with lectins (Arachis hypogaea aggluti-
nin, Lycopersicon esculentum agglutinin, Bandeiraea simplicifolia aggluti-
nin, or concanavalin A agglutinin; Sigma-Aldrich) coupled with a fluoro-
phore (fluorescein or rhodamine) and labeling of microorganisms with a
DNA intercalator (4=,6-diamidino-2-phenylindole [DAPI]; Sigma-Al-
drich).

Statistical analysis. Results of clinical, microbiological, and biofilm
data were described in percentages for qualitative variables and in average,
standard deviation, median, and interquartile range for quantitative vari-
ables. The distribution of quantitative variables was studied. The intersec-
tion of the variables was carried out using a �2 test, variance analysis, or

Pearson’s correlation coefficient, depending on the variables. Nonpara-
metric analysis was employed when necessary, using Fisher, Kruskal-Wal-
lis, and Spearman’s coefficient tests. Analyses were made with 5% � and �
risks. Clinical wound variables were cross-tabulated with the microbio-
logical results and with the biofilm analyses. Bacteria were tested for their
type, presence or absence, and quantity (e.g., �105 · g�1 and �105 · g�1).

Patient consent and ethical aspects. After being informed of the con-
ditions of the study, patients who met the inclusion criteria were required
to sign a written informed consent and were then assigned a study num-
ber. All data and results were compiled into a unique database. The study
was carried out in full compliance with the ethics rules that apply in this
area and the current regulations. The study protocol was accepted by the
People’s Protection Committee.

RESULTS

Over a 7-month period, 32 patients were enrolled in this study.
The characteristics of the population are listed in Table 1.

Number of evaluations. Eighteen patients (56%) participated
in the three evaluations at 21-day intervals. Ten patients (31%)
were evaluated twice and 4 patients (13%) only once. Three pa-
tients died, 1 patient was referred to a palliative care unit, and 4
patients failed to attend the planned evaluations. Four patients

TABLE 1 Characteristics of the population

Patient characteristics at baseline (n � 32) Results

Age (yr)
Median 59
Range 30–96

Gender (no. [%])
Female 32 (100)
Male 0

Duration of wound (mo)
Median 8
Range 1–63

Histological type (no. [%])
Ductal invasive carcinoma 32 (100)
Other 0

Wound origin (no. [%])
Primary tumor 9 (28)
Cutaneous metastasis 23 (72)

Wound location (no. [%])
Thorax 31 (97)
Other 1 (3)

General antitumor treatment (no. [%])
Chemotherapy 19 (60)
Hormonal therapy 3 (9)
None 10 (31)

Local antitumor treatment (no. [%])
Radiation therapy 2 (6)
Chemotherapy (Miltexa) 1 (3)
None 29 (91)

Supportive care (no. [%])
Corticosteroid therapy 5 (16)
Antibiotic therapy 6 (19)
None 21 (65)

a Miltex, topical treatment with Miltefosine.
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presented wound healing with partial reepithelialization, and
therefore sampling could not be completed. On the whole, the
study is based on 78 clinical evaluations with microbiological and
biofilm analyses; strict anaerobes were sought in the first 25 pa-
tients (61 samples).

Description of wounds. The lengths and widths of the wounds
were measured at day 0, day 21, and day 42. Day 0 sizes were
compared to day 42 sizes to exclude reepithelialized wounds. The
medians of wound length were 11 cm at day 0 and 12.5 cm at day
42; the medians of wound width were 7 cm at day 0 and 9 cm at day
42. There was a slight although hardly significant trend toward an
increase of the wound surface areas (P � 0.894).

The evolution of the aspect and color of the wounds was clin-
ically evaluated (with a colorimetric four-color scale) between
days 0 and 42. Most wounds showed a trend toward cavitation.
Colors did not show much variation. The most prevalent colors
were yellow (fibrin, tumor necrosis) and red (tumor buds). The
surrounding skin showed signs of inflammation in 52%, which
reflected the tumor mass rather than an infectious process.

Microbiological analyses. As expected, the wound microbio-
logical floras were predominantly polymicrobial. We identified 54
different bacterial strains, 37 of which were aerobic and facultative
anaerobic bacteria and 17 of which were strict anaerobic bacteria.

Concerning aerobic and facultative anaerobic bacteria (Table
2), the most frequently identified were, in descending order of
frequency, Staphylococcus aureus, Pseudomonas aeruginosa, Co-
rynebacterium striatum, Proteus mirabilis, and Escherichia coli.
Concerning strict anaerobic bacteria, the most frequently identi-
fied, with no prevalence of a specific species, were Fusobacterium
necrophorum, Parvimonas micra, Peptoniphilus asaccharolyticus,
and Porphyromonas asaccharolytica.

Most of the patients presented multispecies floras (Fig. 1). The
average numbers per patient were 3.6 aerobic species and 1.7 strict
anaerobic species.

Predominant bacteria remained mostly the same between days
0 and 42 (Table 2). Moreover, in 20 patients, if 1 or more of the 5
aerobic or aero-anaerobic bacteria mentioned above were present
at day 0, they were also found at day 42, except in 2 patients, in
whom C. striatum and P. aeruginosa were identified at only day 42.
For strict anaerobic germs found on 15 patients, the floras seemed

more variable even if the majority of the bacteria identified at day
0 were found at day 42.

Despite the significant number of bacteria on the wounds, no
infectious episodes happened during the study. However, 56 to
60% of the patients presented risks of adjacent infections (central
line), and 60% were undergoing a chemotherapy-based treat-
ment.

Diversity of the wound floras and consequences. It is thought
that the presence and the quantity of anaerobic bacteria on a
wound can increase risks of infections, and that the synergy be-
tween certain aerobic and anaerobic bacteria might be more dan-
gerous than the presence of some specific microbial agents. For the
25 patients, all wounds were colonized with at least one aerobic or
one facultative anaerobic bacterial strain. Moreover, 70% of the
wounds presented one or more strict anaerobic bacterial strains.
Strict anaerobic species constituted approximately 33% of all
identified bacterial species.

In the absence of infection, we studied the balance between
microorganisms and its correlation with symptoms to determine
under what conditions those symptoms develop, which may indi-
cate the likely evolution of the wound toward infection. The pres-
ence of strict anaerobic bacteria was significantly associated with
the presence of odors (P � 0.009) (Fig. 2A) and exudates (P �
0.05) without incidence of pain. However, it was not possible to
correlate these symptoms with the presence of specific strict an-
aerobic species. These results were probably due to the synergistic
effects which occur in mixed and polymicrobial floras.

Regardless of the bacterial species, the presence of more than 4
different bacterial species increased the risk of odors from 43.5%
to 84.2% (P � 0.0008) (Fig. 2B) and of exudates from 56.5% to
86.8% (P � 0.007) (Fig. 2C).

Quantitative assessment of wound floras and risks of infec-
tion. Most of the time, wound infection is microbiologically de-
fined by the presence of �105 · g�1 bacteria on the wound. We
decided to compare the intensity of symptoms with the quantity of
bacteria isolated from the wounds (Table 3, Fig. 3).

Results showed that, in the presence of �105 · g�1 bacteria,
pain was significantly more present (P � 0.04), with a tendency
toward an increase of exudates (P � 0.07). The threshold of �104 ·
g�1 bacteria was statistically significant for the emergence of odors
(P � 0.02), while 105 CFU · g�1 was not (P � 0.56). The total
concentration of bacteria is an important parameter for the devel-
opment of odors; conversely, the number of various species on the

TABLE 2 Aerobic and facultative anaerobic bacteria identified on
wounds at each evaluation (days 0, 21, and 42)

Genus or type of
bacteria Dominant species

% identified for total genus (%
dominant species) on day:

0 21 42

Staphylococcus S. aureus 88 (64) 82 (62) 86 (73)
Pseudomonas P. aeruginosa 52 (40) 57 (52) 40 (33)
Corynebacterium C. striatum 40 (28) 48 (43) 40 (40)
Streptococcus Group B

streptococcus
36 (16) 44 (24) 33 (13)

Proteus 28 (24) 43 (33) 40 (27)
Escherichia E. coli 20 24 27
Enterococcus E. faecalis 20 (16) 15 (10) 20 (13)
Klebsiella K. oxytoca 8 14 20
Others (15

different
strains)

�10 �10 �10

Anaerobes 68 62

FIG 1 Relative frequencies of the numbers of different aerobic (t) and an-
aerobic (�) species per patient as observed on day 21.
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wound is not bound to the emergence of volatile compounds (7
compounds for 1 bacterial species; 10 compounds for 2, 4, or 5
different species).

Qualitative assessment of bacterial floras showed that the num-
bers of strict anaerobe species and the ratios of anaerobes to aer-
obes were higher when the total floras had developed (�105 · g�1

bacteria) (Table 3).
Analyses showed that large amounts of bacteria (�105 · g�1)

and high numbers of identified bacterial species were more fre-
quent in the wounds of the 24% to 29% patients presenting with
chemotherapy-induced myelosuppression (	500 polynuclear
neutrophils [PNN]/mm3) at each evaluation.

Biofilm analysis. Biofilms were evaluated on all wounds (78
samples). Twelve samples could not be analyzed due to technical
failures. To perform biofilm analysis, all samples were stained by
DAPI (Fig. 4, blue-highlighted cells) and lectins (Fig. 4, green- and
red-highlighted saccharides) and observed by microscopy (e.g.,
Fig. 4). Nucleic acid staining combined with lectin labeling dem-
onstrates the location of bacteria and saccharides relative to cells
and microcolonies in the biofilm structure. For patient 1 at day 21

(P1D21), DAPI staining showed the presence of eukaryotic cell
nuclei, and lectin staining was not intense. No bacteria were de-
tected in this sample. For other samples, DAPI staining revealed
bacteria organized in aggregates. These aggregates represented ei-
ther a fraction of the sample or complete invasion. For samples
P1D42 and P6D0, a few nuclei of eukaryotic cells, medium-size
bacterial aggregates, and the presence of low exopolysaccharide
levels were observed. When the sample contained only bacteria, as
in samples P2D0 and P7D21, lectin staining was intense and indi-
cated the presence of exopolysaccharides around bacteria. Biofilm
was identified in 23 (35%) of the 66 samples available for analysis.

In order to identify predictive factors for the development of
biofilm, clinical and microbiological data were analyzed depend-
ing on the presence or not of biofilm.

The presence of biofilm was not associated with a particular
clinical aspect of wounds or with the length of wound evolution
(Table 4). No biofilm was identified on the 4 wounds that showed
reepithelialization during the study, suggesting that the presence
of biofilm impairs wound healing.

Moreover, the presence of biofilms was not associated with the
identification of a particular bacterial species, suggesting that the
presence of biofilm could be the consequence of diverse floras
rather than a particular bacterium. Nor was the presence of
biofilms associated with the quantitative number of bacteria
(� or 	105 · g�1).

Comparison of clinical symptoms in the absence or presence of
biofilms showed that the biofilms did not significantly increase
their emergence. There was merely a tendency toward a decreasing
risk of provoked bleedings in the presence of biofilms (P � 0.06.)
The type of local nursing care did not influence the development
of biofilms, and neither did the presence of general medical treat-
ment.

DISCUSSION

In this study, microbiological analyses showed polymicrobial
floras with a predominance of S. aureus, P. aeruginosa, C. striatum,
and P. mirabilis. In the literature, the polymicrobial colonization
of chronic wounds has been characterized in various conditions,
and the predominance of S. aureus and P. aeruginosa has already
been observed (19, 20, 21, 22). In a study of tumoral wounds, 25

TABLE 3 Relationships between the number of bacterial species (and
strict anaerobic bacterial species) identified on wounds and the
quantitative assessment of bacteria

Species data
	105 · g�1

bacteria
�105 · g�1

bacteria Total P

Species (no.)
Median 4 7 6 0.0003
Range (minimum

to maximum)
1–11 1–10 1–11

Strict anaerobes (no.)
Median 1 3 1 0.0006
Range (minimum

to maximum)
0–5 0–6 0–6

Strict anaerobes (%)
Median 0.16 0.37 0.25 0.004
Range (minimum

to maximum)
0–0.6 0–0.6 0–0.6

FIG 2 Impact of the presence of strict anaerobes (A) and the numbers of
bacterial species (B, C) on various symptoms. (A) Impact of the presence of
strict anaerobic species on odors (no odor, t; odor from weak to strong, �).
(B) Impact of bacterial species number on odors (no odor, t; odor from weak
to strong, �). (C) Impact of bacterial species number on exudates (no/weak
exudate, t; moderate/strong exudate, �).

Bacterial Floras and Biofilms of Malignant Wounds

October 2013 Volume 51 Number 10 jcm.asm.org 3371

http://jcm.asm.org


different bacterial species were identified, with the predominance
of S. aureus, followed by enterobacteria, S. haemolyticus, and P.
aeruginosa. Strict anaerobes were identified in only 16% of sam-
ples (23). In another study of 70 malignant wounds (30 breast
cancers), bacteroides and E. coli were predominant and the sam-
ples showed more anaerobes than aerobes (24). In our study, par-
ticular attention was paid to an immediate analysis of the samples
that were kept in an anaerobic atmosphere. This can explain the
differences with the results of other studies.

We show that odors and exudates are more frequent in the
presence of strict anaerobic bacterial strains. The role of anaerobes
in the emergence of symptoms has already been characterized.
That is why the use of specific antibiotics is a common practice,
such as metronidazole, which could also have an impact on facul-
tative anaerobic floras because its action is not restricted to strict
anaerobes (7, 25, 26, 27). Proliferation of anaerobes in tumoral
wounds is directly linked to the presence of superficial or deep
tumor-induced ischemic tissues.

The presence of biofilms was identified in 35% of samples. This
number is much lower than what has been described in the liter-
ature for chronic wounds (13, 18). Nevertheless, previous studies
on biofilms were carried out in small populations, and other stud-
ies involving more patients are needed to determine if the preva-

lence of biofilms in tumoral wounds is specifically low or was
overestimated in the past.

Our study shows that biofilms are not associated with the pres-
ence of a precise bacterial strain and do not increase symptoms.
On tumoral wounds, for which wound healing is not the main
objective, biofilm withdrawal may then simply serve to delay in-
fectious processes. Local strategies combining wound debride-
ment and antibiofilm solutions are potentially traumatic and
should thus be applied with due consideration given to patients’
general condition (28, 29, 30).

It seems that bacterial colonization can result in the develop-
ment of biofilms and the emergence of symptoms and may be the
starting point of infectious processes. A major problem is that
whereas management of malignant wounds relies mostly on clin-
ical supervision, symptoms and clinical signs do not seem to be
appropriate warning signals for bacterial imbalance. To help cli-
nicians, it is necessary to develop diagnostic tools for detecting the
presence of biofilms as well as significant amounts of bacteria and
for identifying all bacterial species. This would facilitate the reso-
lution of the present controversy regarding biofilms in clinical
diagnosis (31, 32, 33).

TABLE 4 Relationships between biofilm, clinical characteristics of
patients, and symptomatic data

Characteristics and
symptomatic data

No. (%) with biofilm:
Total
(no. [%])
(n � 66
[100%]) P

Present
(n � 23
[35%])

Absent
(n � 43
[65%])

Length of evolution
	6 wk 2 (50) 2 (50) 4 0.57
6 wk to 8 mo 9 (42.9) 12 (57.1) 21
�8 mo 11 (31.4) 24 (68.6) 35

Chemotherapy
No 0 6 (100) 6 0.16
Yes 16 (33.3) 32 (66.7) 48

Aplasia
No 11 (28.9) 27 (71.1) 38 0.8
Yes 5 (31.2) 11 (68.8) 16

Odors
Absence 5 (21.7) 10 (23.3) 15 (22.7) 0.88
Presence 18 (78.3) 33 (76.7) 51 (77.3)

Exudates
Weak/absent 3 (13) 9 (20.9) 12 (18.2) 0.64
Moderate/strong 20 (87) 34 (79.1) 54 (81.8)

Pain
Absence 6 (26.1) 14 (32.6) 20 (30.3)
Weak 8 (34.8) 17 (39.5) 25 (37.9) 0.58
Moderate 3 (13) 9 (20.9) 12 (18.2)
Strong 3 (13) 2 (4.7) 5 (7.6)
Intense 3 (13) 1 (2.3) 4 (6.1)

Provoked bleeding
Absence 11 (47.8) 11 (25.6) 22 (33.3) 0.06
Presence 12 (52.2) 32 (74.4) 44 (66.7)

FIG 3 Impact of bacterial load on symptoms. (A) Impact of bacterial load on
odor intensity (no odor, �; weak odor, `; moderate odor, t; strong odor, �)
(P � 0.56). (B) Impact of bacterial load on exudates (no exudate, �; weak
exudate, `; moderate exudate, t; strong exudate, �) (P � 0.07). (C) Impact of
bacterial load on pain (no pain, �; weak pain, `; moderate pain, s; strong
pain, t; intense pain, �) (P � 0.04).
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In conclusion, this study provides a dynamic description of the
bacterial floras of tumoral wounds, which contrasts with the usual
idea of the stability of chronic wounds. When symptoms emerge,
the number and the type of bacterial species as well as the total
bacterial load have already created a bacterial imbalance. Then,
returning to baseline conditions seems difficult. This underlines
the definite need for new therapeutic options that are active on
circulating bacteria as well as on bacteria organized in biofilms
and could be effective before the emergence of symptoms.
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